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(54) MOVING BLADE FOR TURBOMACHINERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress increase of 
an energy loss depending on an incident angle by 
suppressing increase of width in a wing boundary 
layer of fluid in a belly surface side of a front edge 
part of a moving blade in the case of having a 
negative incident angle, or by suppressing separation 
of the fluid. 

SOLUTION: In the moving blade for turbomachinery, a 
length of a segment DC is twice the length of a 
segment DB or more, and a radius of curvature of an 
outline in a circular arc-shaped blade profile section 
formed in the vicinity of a point B is made to be larger 
than that of an outline in a circular arc- shaped blade 
profile section forming a front edge part, where a 
point A is a point having the minimum in x- 
coordinates in an outline in a blade profile section in 
the vicinity of the front edge part, a point B is a point 
having the minimum in y-coordinates in the outline in 
the blade profile section in the vicinity of the front 
edge part, a point C is a point having y-coordinates equal to the point A in the outline in the 
blade profile section in the vicinity of the front edge part, and a point D is a point having x- 
coordinate equal to the point B and existing on a segment AC. 
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(57) [£»] 

»T?h9Ej& A £ y L ^ * £ jSC , 'MEjSB £ x 

ffiB^«U<36^*ft»AC±tC*ejft€rjaD(hLfc«!: 
€?, »»D C j5«»D B S (Z) 2 «H±t, ^ 




1 

<0RA#ffl£IE£Lfcl6iefcxHu WEIbHE#|6]£ y«I 
B}Ba2ia*«)ySBSd«/ht^:5*S:£B, mlStgS 

J: 0 ± £ ^ d £ i: f -5 * -3p««ffifta. 
[§S*B2] Q-^KHSesnT* ififleOfiSAfcfl^iW 
Ea-^t^KlfiHEU >O[U^fS]C0^fS]<i: 

^©Htja^ifiitwRfts^-rAnfti:, mrasisite:fc|p]<7> 

atC*5^T, 

89Eaa!»rffi±-C, mfiea-^^lfi^T^mfEfiit^ 
©«A*|fil«:iEi:UfcSl'#€:x*l!, SJElHHE^Ifil* y M 

&a^LVv£ft,&C. H9E^B<tH9Eai£ffi«*«)x 
*«^*b<d^«»AC±JC*SjSi€:^D < !:U>5:<fc - 

jaB<oifi«(c^j«snsRM*<©as!WfB<oi6»©ft* 

*©ai!»Fffi±-C, ffirE3Ka^-fcf>oa-^(7)«i^riPi 
TdoflJEflSEftWjSA^IfilSriEtLfcfil^^xtt, fltE 
ErtE^fil ft ytti:l ^tt^ftd* ft3£S L , 
M»«iB«a)aa[Kffi©»KT«IEtt2asffiS*cox*« 

mEaasffiSS^yffiHs&ta/btfeSjSS^B. mli^SS 

ifi«oaa!Wffioi6fBTmEjaA<twEitS£fl[a*a)y 

ffi«#»L^,&£,«C. fflEj£B£HaEfi5SS«*<0x 



(2) 1 1 - 2 0 0 8 0 2 

2 

L < j&>:3«#A C _t K D <fc Lfc<h 

-t(oa7c«©aaiwfffla)*tt3&«, «#DC0>fi<*i6*iS# 

-5R3Bttoaa!Wfffi©«iw«)tt**g^, mfStSBftj^ 
■r*R«*©aaiwffl©**8«)fl*ipa«fc o t 
* w at <t t £ * - xmmm m a . 

[0 0 0 1 ] 

vo [3BH<a«-r *kw±. «# (saw ft 
E«r*ffi«f*Rtf«# mmx*. m%, &m<m) \z 

[0 0 0 2] 

20 ys-r*«»0>R*ffi±-e, -^^a^ftisitu ^© 
^5c^a^fta^fS]tcse@bT, ^n<=>a^*fto 

-*7C©aHIBift«Mrsc<!:tCJ:0K»-rs. -««' 

tc, - &5£<0as0>H9»ffi (»ac«tA-rs«ft©»± 

K*3fr*£»*0*ft (BIT, W^x7y^J ch^ 
to ) . RtfftaoiilC^tOffi^tWft^toR 
ft UsTF, fAPftj <fc»"T. ) S:A7^-^-tlt 

jo [0003] xpftn «ia©flEiKo-5fc7c<oaaa5fit 
it, ^mznzffiAft (mn\zffi.A?z>mftv>mAft 

BO \zttfaTZ>£o\zWiWrZtiZ><> l^U H^fc^a 

i:«ALt<5«snn »a<0±ffifliK:ffiBT*»aK: 

<D8Eia^fiT-rifc«), «#©8itA^|filA«l!ia<Oflffi« 

fc^Aft (Anft) ££R<0»EAft£<B«^£AS*ft<fc 
Wo tl/X, A»ftd*ifPXtt*«^/hS^*'&«, 

mizmiM?Z><, :tl(l A»ft3&*Bf5ero«€:fiA5<i:, 

»aoMj»8B©»tciRffifflTaffi«*Ji^ff^A««b, 
[0004] coD^^&AWftrctfes-rsx^j^-ffl 

[0 0 0 5] 

50 »a"CO£E*BT^/hS^ttatt, »a^*5ttS8itff© 
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(3) 

3 

fi»»AB*ai*#<. H*iRiKiBttT*»am*c»riE 

i£±mztt-rz>&w&*2<. «raLfc«fc5ttx»ft«f 

C0006] -tticxpftjovh^tiistisjsa 

[0 0 0 7] ftoT, APfl**/]\;*< % ^MTOOm^r^ 

[0 0 0 8] *589J<0@«te, H9affi©^**«F^-r* 
[0 0 0 9] 

T\ «#OiSAlw#v^fl93Ba--^ < !:*lciaI(teL, AO, 
#l*l£IE<!:UfcIfi]#£x«u fl9Eleie#fi£y«i<!:Lfc 

&s,&£*b, fl9aais«osis»fffi©tt»'rHt[EjaA 

£ SfflESSESS* © y ffifitot* U t^&£,£ C ( mfE/& B 40 
<fcfflrEi£3fc*B* <0 x *B£i» L < *o«# A C ±K & 

[ooio] ±Eewsa*-r*fc*tc, #fg^ 

Mztt^fflfcu — f tmzmtfcL* AO, -t©[5H6^|fi] 

lae^ifiiojfij&ifiit-t-^aa^ifiittoftft^s-rtBPft 50 



4#P^¥ 1 1 - 2 0 0 8 0 2 

4 

btc, SUES?S»rE±T. HSED-^c^W^TAomr 
E«t^c7)«tA^^IE<hL^:^^^xtt, mfE(Hjig;*[6] 

fficottlBTmEHX««*<Z)xfli«Ata,hi;>a:l>^S:^ 
A, ^a^ifi^^^^M(75li?IiT ; ^Eui32^^^y 

«TBSE^A<!:ffirEBXffi«*(OyJSS^*L^j«S:^ 
C, B9E^Bt«aEa3EffiS*coxffi«^*U<*o« 
#AC±K»5jS£jftD<hL;fc<h£, 8»DC©fiS^ 
j|g»DB<0fiS©2«^±T. AO, j£B©ifi«fC^J* 

[ooin xtt, ±EBW*a«-r*fc«>^, 
tiz>?-#mummM*v&v* ao, ^cz>i?§y#ra± 

-C, WElSa^-e>©n-^<o«^|filT*ofl9E«ft 
(DSASfflfclEtL&fflSfcxBu h9EHH£^I6JS y W 

W^WEKSJfffiSlR^xffiS^S/ht^SA^jSA, mf 

aauiff «©RM»rffia)«i«-cflaEiasEffis*o y 

E,«A<i:fl9EB3!ffi«*<Oy*«^*b^^€r^C. 89 
E* B t «rEui[3Sffi«*0 x L < Ao«#A C 

J^ttAt, »»DC(0fi$At»»DBrofi$(0 2fSeJL± 
■C, AO, ABO)5E«^^*$n^n3lll«(7)Ka!Brffi<0 

[0 0 12] 

[o o 1 3] m nc, **K<o^-#««ffl«i»«:iiffl 

(W7« A^CD^M, 2«Siat 1 ICJ:0IhI 

fc-tzmm c/u-k) , 3titHi^fc#^K)§ii omm 

$Wn->i7^h', 4tt»»2tC3giai€rW<»K 
— * 5 7ttnS«o^t75Am 
1 Ott0e«6 Sr**t<tbfcRlBffi, 1 UiflWrKl. 
[0 0 14] *|gj||fiO«j|<Z)^-#««ffl«iRtt, 

^y^A9vm7 ^it, *^9tc@^-r^o — « 
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5 

& (BJ£) »S2©ft*lC>'a7'5'K3£ 

[0 0 15] »)S8 2 tf$M4 

<fc«"r. CtoaSS, /^fSHCttU +»»Ktt 

tcftt^ »B2Rtf»a4©afia**£<&5. 
.[0016] ^LT, »»4*C43li-C, SRSt 1 SMiST 

mm<i (Dmnjjftzmjjfaiz&ifaL* mm2 
-sw^ppKoata-c, m%itmwkxm^. mm 2 

[ 0 0 1 7 ] 2 i&a 4 tt, «»0>Rflf a 1 0 . 

n^^a^rai^^r^-r^cttccfcoisit^n^o nn2 
©rh^io, x«r«i i<Dmffi&mmmffitm 

T. 

[0 0 18] £TF, *3IJfiO^»*8l^±Kffiffl-rsffl 

[0 0 1 9] 0 2 *a£W05^'-3p««ffl»SI(7)ffiS 

ISI, 2 0teRP, 2 HdtKOiB , 2 2 

ttifflft. 2 3fift», 2 4tiHt^R, 2 4 a.*iB9»R 
2 5li»»R, 2 6li»ffi, 2 7tt!fiE"2 8tt!l 
2 9ttW»»«. 3 0tt«»S8. 3 ltej^ft 
(Kia2S:t5D-^ 5 ©laHg^ia]) ainteAP^, 
aaut ttftinft, 0infcH«Aft. i ttASMl. WLEte 

[0 0 2 0] R»2 Ott, RSStCrta-r-SRSrO^. S 

o»2iit r^2 o^7)^iL^*£^"t?^#6n^a^ro ^: t' 

i^Sr^?. Mi»2 2tt, M0^2 1 <ha^M(§l^co 

9. &ig:2 3J±, ^0^2 1 tRSffit^SSjao^-Sa 

2 0<D'5-&jW»2 2£^tTR£^3. tttig:R 2 4 

ffi»¥«<fc^5. fiJSR5lll2 4aW:, f£^EcD5-£ 
99»R2 4<fcfifc*R3!ll*:^'3. »»R2 5tt, R»'2 
0(O5 , 6a»2 3SStfR€lr^. tft»R 2 5 

»»*gi:^5. ^M2 6ti, S0^2 1€:S^tC 

RsoBMicttB-resaffi*^. «2 7n &o 
^2 1 ssiptcaai^iHUBiicffiK-rsRaffi&i^. a 



(4) «MS¥ 1 1 - 2 0 0 8 0 2 

6 

&«2 8t£. if2 2 £'&&2 3 tfcJS^a^fc^S. 
»5&»2 8©fiS€r, BKfict^o. h9»»«2 9 

^12 9(^^-5, aiai <o±sstcifi]^-5^rfii«:ir»^i5i < fc 

^■5. fg»»J8 3 0ti, f£iB2 3 \Z&»2>KQ&2 1 

«a»«3 6o)5-6, SSflt 1 OTfl£«C|Sl^ 
"J^lSl&aft^lalt^^. APAainte, ffiS&«l2 9 
®ra#|6i«3 1 ^bCOft (B3»#|fi]£«#|fi]«3 1 <hcD 
£^5. ftP&aout ti, »»««3 0<O«jfrlfi] 
70 $3 lA^COft (tft»#fi£«#rfiJ«3 1 t©«Eft) * 
l^. flEAftflinJi, ffiXJjfi] 1 9 ©J^lfirtB 3 l^t» 
<Oft (SAjfrlfiJl 9(bMfS]i3 1 

( i = a in— J3 in) €r^-3. BJiR^x y yftWL Ett, 
- mf^R5fll2 4 a©r^SB©ja^43frt5tt«|SI±3&*^:-rftS: 

fia, a»atcffiffl-r-5«ia2(c*5i^Ttt, -e-co^s 

TC^coa^cOAP^ain^ttiP^aout £$:lMW\stcft 

-r-5»aro*ntca:«LT/h$^. s/t, «»a*c«gffl 

APft -ainj&i*€r<fc*. EP^, ffi7cffi3&^5t«(C[nl^ 

[0021] j^t, mn2 tmm4 <^m 
tKDm^z-D^xMm-r^o 
[0.0 2 2] m3, muz. fta<t»a£©ra©— «w 

^affi=ftJ^Sr^"r 8 13 3. 04t, c l«»a4tCS 
XTZM^LKVmm^? c2. c2attB»4^ 

5«fflfss^i ©ss^ hu. c3»a2^satm 

)V. w2, w2 a»i»a2€:ai(StLfcfta2K«A"r 
5JSai<Z)«»«>5:3aflE^^ h;k w 3 teiba 2 

tbfc»a2^e>«a^si«ai©ffi»w^a*^^ h 

3, H4+, 3 2»i»a2«)lHie*Ifil (H*Ifi]«3 1) 
[0 0 2 3] »a4tC8SALfc.«ai OSittl 

h;uc iMi, »a4^*3tiTJaa$nai:^tc, nie 
40 ^3 2tcter5]$i±^n^ mm^^ h)Uc 2) . i^a 

ai^sEaa*, w%W}M2^(Dmxmmv>i£\fcmm% 

lz&ttZ>fttt$)fcMm. 1 03Stnd*5fi«^^ h;i/w2i:^ 
£>c »a2C0APfta.in^ MS^^h;Uw2tC^gtT 
^>J:^tC, ftB2dtiBffl-$nS. 

[0 0 2 4] tc^^ iki5 [c^-r^e)^, »aa*^> 
^ii^^^tc^o, »a4^fco«ai©»ttja*^ 
iis^^ kjuc 2^e»5fifi^^ h;uc 2 aic«asn 
»B4©affi<o«»s&r/»a4 0)gi»co^«^fii 
50 @t^isi©s2s^t r»aa»j 
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7 

L, ftOAWft i ^LT, fl<BA 

ha i sstst. mm2<Dmm2 2<D&mv>mm2 7 

[0 0 2 5] KT, »»2<0iril»2 2 (0ifi#tO3l8» 1 CO 

[0 0 2 6] ms\z. tC*5tt 
£A£f:£i i A«1f o<7)i:*©ffif»jft«©SSCHS^-r * 13 
6 ^ ffi*S!<0^-*«*ffl»»t*3^SA»fl i tf-tf 
D<&«h30>«&7C»0Ep/P 0 <htt;fr|6lfi<*<fca)H«£ 

i swr*<!:€r(Z)flaaifi»^«s:ia&^"r. as 

ST5ttOi*S»Ep/P 0 «5:«^ifi]fi$<i:(OH« 
^^tc ft> JK*7C#f£p/P Ofctt, jRI (fI2 6 
WII2 7) ±CD^/£p^, iAWMPOTi* 

©»*lfilJC»-r5»ll2<Z)fi$ (U)g£2<7)gtrt7) £^ 

4al£*5^T, B9JR2 2^6«ffi2 6«l<Offir»*S<!:, 

mm2 2fr*>Mffi2 7 m<DMm¥m£&&&m>L^*>o 

€r^-5. IS 5 Hg 8 4", '4 0 tiafeSt 1 <Dffitl<Dt&frj&„ 

4 i«flft»2 2»cMs*T<03sa i v>mm. 4 2\tnm 
2 6 m^ffintzm& i o wffifliia«- 42a n»i 2 6 

±<Z>»ffi±S«, 4 2c liSB 2 6 ^6infc£to« 
H4 2 t9L»4 2 a iKOWtC^^tlSWffifflJaW, 4 
2d\tSiV4 2 c <DWffiffl«**fffi«, 4 2 -dm in timf 
i^2 2j5^T'W®«4 2 dai«/h£fc*»ffi««W«ffi 

4 3 teffiffi 2 7 «^«E*i&«S l ©MffifflflS 
«§L 4 3 attKB2 7±OJKffi±««, 4 3 c teJKB 2 
7^6Knfctt*©8B«4 2 tmm4 3 a ^OMJC^fiE 

snsisffiftiwff. 4 3 dn«t«4 3 c (Dmmmm^m 

4 3 dmin timf^ 2 2 jftfiTCSrffiflH 3 d*t«/h 

[0 0 2 7] OStZ^T^^tC, \9tA i #-tfn<B,h£ 
SitA^/3 in£ADft'orln<fcj&t— »-r*<i:#£^ 
iP^> ffi*^4 0<!:h9»2 2 <fcd<— ST<5<i:$Sr^ 
C<D<L^, «Sll08it»tt. 9ffi2 6MMi»IIII 
8t«4 2CD s fc'5K, J^ffi2 7fflM*Kffi«ia«l4 3 0) J: 
SK, Hnfe§?I (WI2 6MI2 7) tC^^Tm 
a. »ffifl«SSe»rffi«4 2 dRtflB 

ffi«««»fffi*4 3 da, aia i o^n^f^i (aaa# 

[0 0 2 8] H6K*3^-C\ p/PO=I.O <fcfc*jft 
4 0p^ H5±<0«6*j&4 OfcfiSU ^*tc^/£p 
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/P0j&*<tfftT^*£4 2 H5±©WHfllliSttff 
.»rffi«/]v&4 2 dmin KfflSL. }R*5c»!£ p/P 0 ^ 
«/h 4 3 p#, H5±^EffiffiS8E« : 8fiBS/h^ 
4 3 dmintCtB^-f £>„ IfiffiffldiSWBfBaffi/h^a drain© 
T«i"C» «^C7C»IEp/P 0dt±»LTt^3&«, 
±JHttt/hS<, »»2(DX*^-*5fe3&«»Jp-r*K 

4 3 d^. .asst i <omni5^\ mm^\P\) ic**u 

J0 [0 0 2 9] E7Ki$l>T, n-^ 5 05«|^[ftl (SEtl* 
ft£IE) £xtt, Ed^2c7)lplte^fa]3 2 ^yitLt, 
xySgS«t6 fl ^7tC^TctotC, H^AIt^l 

Wrffi*4 3dW:, yffi«^ffif»2 2a>iE#-C«/h<hfc* ' 
jSBCDififlSTS/ht&O, jSBT8ST«i»tCitan'r^ a 
[0 0 3 0] 0 6 tH«tCig8tC*3^^T. p/P0 = 
1.0 t^4 0p^ i7i^M4 OtCffi^ 
U *§^7cS$J£p/P 0^<t5ntl^*4 2 pj&«, IS 
20 7±(OWffiffl!ia«Wfffi«/hja4 2 dmin KffiMSU 

TcSlJEp/P 0j&*«/h<!:fc*/K4 3 prt*, 0 7_k(£>flt® 
«ate»r®«/K&4 3 dmin tCffl^-T^c H6 tCJt«-T 
3<h, H8tC*3^Tti, Iffi«fi®SM4 3dmi 
n (£>"FSi£$lT, H*5E»EEp/P 0dtft«tC±#LT^ 
C0)t«^EA±#l:fiHl/T#I±i«|4 2 a© 

30 $&z&z.Lfzm^te* mn&ft&mzte*) * M.m\zmm 

[0 0 3 1] Z.<D£?fr, &<D\m& i \Z£Z>MMM%: 

v>mm\*. «^ifttr»»-r5»K4Htj^«sn*8iite 
wo , »a2tc«A-r**iaic)3aK^^h;uw2 

30«*€T<, -£-C0APftain*t4 5fl[^T(0»il2Ta* 

[0 0 3 2] £JL±©#*LT, *3IJfi(O^SB-ett, ®!J^ 
2<Dm&2 2 CD^^^T^c<htCcJ:0, ^©AI4^ 

[0 0 3 3] i9IC, 

£o 0 9 (C^f i ^)^, ^ 1 V>ffi.AJj&l 1 9 €:IECD[fi] 
ttlt, W^CDg^^x^, ft»2 0(iie^|fil3 2 

82 2«Oie»TyBHA«/hi:»SjS, ^CttjSAihy 
ffi«^*l^KiS2 7±C0,^. jaDtt^BtxffiH^W 

50 ©S$$:^^DB©S$(7)2f&JW±tb, AOjftB-CO) 
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(6) 



1 1-200802 



[0 0 3 4] i^AStft i fCft#^£X*jU*-fflffcca 
«lP©HH«,-89»2 2<0i6#0)!»ffifflffie»rffl«4 3 

^fci^lCti, jftB<OT«fl!la3||iS2 7±©»H«ffiBC 

teZ>*-C&Z>rz$>. (dy/dx) BfcMfaifc 
£o cJzaT, HI2 7±0)RaaiBC©WS*fi8 
^BCC7)^J@2 (DC/DB) £-^£<I£T, ifi^WtC 

sese-rs^tjotoifiiT^s. fit, m^27±<Dmm 

0>£jgB (DC/DB) #Bfrffi©U#^«J;0*#^& 



70 



<DL$^m&2 tTS. — H#BC(Z)£jg2 (DC/ 
DB) (D±Egte, «>Llf. «#|S]»3 lfcRfirr*»8 
2 ©PbI t Jgj5K$*i4»»OR«-^*5t^T, (D C/D 
B) LT€%t\um'&f)m<te.Z>fc&\c. * 

[0 0 3 5] H 1 OlC. 

70 BSJSjSU !fta2©leie^|Sl3 2©fiS€y«, ffi^fa 
Sr«»D B £>g£ T*&l&7C{fc: L & <D £ x M <t L 
T, xyffi^^o ii«BCH ^BCtl 

jftBO^JK (dy/dx) Bd*1f DT*S ^ t«t 
0, RISSBCli 
[0 0 3 6] 
[ftl] 



s * 



x 2 + (y- r) 



-r^=r2 



(ftl) 



ra-ttS. »Cj»C0)j8e«: (xc. 1) ¥ 
Iri, xcEPSSJK (DC/DB) i(DBI«ti. 



20 ^ [0 0 3 7] 
[R2] 



r = § 



(&2) 



[0 0 3 8] T^it^o ^mv>MMV>£olZ* 
(DC/DB) = xc='2tB»^, r = 2.5 
cnii-, RfflXffiBC H#DB<7)g£C0 
«2. 5{g(Cft3£££^LT^£o d^^lC^fc 
te^^g^, HS^MBCTW-r^diitCct-O, 111 
CD^A^l 9**, H<7)A&t^ i £:J#"3«'&fc:. milt 2 

[0 0 3 9] 0 1 1 \Z, *«^(0^-3R««ffl»»tC*5 
tt£il<2At*# i £«TS£€<BlR*7C»EEp/P 0 <h 

(**js<o^«a)i(ij»2) its mffimsvgmmm* 3 d 

ffiSM4 3 dmin OTil, BP^ &#7t;i&m p / P 0 
^S/h(i:^^*4 3 p'<0T««T38£T*fflffi*«JK<O 

^ftOAWfli^nt^Tfe, JHffi 2 7 ffl«T«ia 1 

ai©atn^HM2 7^£tt<jrr*£<fc£i»jh-c£-5 

[0 0 4 0] 0 1 2 fC, #KiH<0^-fcf 



Aaftain£8EAft/3in£<DfflS**AI*ft i 

\Zfk<DXMft i ^It^. £fcX*;i^-«*<B«/h«[ 
£E (fi£S£ffl"Ctt, j3in=ain£><b£<7)X*;U^— 
JO ) tU X^JU^-«*d*EO)2fSIP* 2 

[0 0 4 1] Hi 2tcJ:fttf, #589mi, x^;U^- 
»*<o«/ht^S«Aft«t0*€r>a:«AftJc»-r-5. SP 

©x^JU^-fflffetcit^/hS ^. 

[0 0 4 2] H 1 3H *aS^«)^ — tf>««ffl»»^ 
&tt<5£]g2 (DC/DB) (hAttft^-yvtWHffiS 
40 A»ft"7— i?>H_a intt, £JBS (DC/DB) 

3&«2#iS*iix.stittTa«tcittti-r5o sfc. §£8?4 

#fi^Sn*fl<7)A»fttCtta/hffl4 StffiMiT*. * 
3fiW0>It9K5JK (DC/DB) ICttT^AIt 
ft"?->*>H_ainte, H 1 3 K^LfcJ; -5 Kfi<BASf 
ft(Dfl/MI4 5«J:!3fe**K Kj||2C0^fi-^*C«, 89 
IS^Se (DC/DB) €r2 6t±<DHf3e<oa^K^"rSi^ 

b-t ^> »r 4 ^t/fiijis^tc <t o §i £jg c $ n^>a^ASt_: 

50 ftJC-Jt^, Attft"^ — v>H_oin(Z)^r30^€r^*li>i 



-6- 



(7) 

11 

^cfc^tC, HI 3£fflHTft£S*a*. fit, £J§2 
(DC/DB) <0iJr5£<Bffite. tt»±. 3-5gfiT^ 

[0043] Hi4tc, *as^<o^-hr>««ffl»a^ 
*3»saiSffl*»ffia)ji»iie«s:*-r. bisk, » 

S3, »»Rt/a»ffl5fecoffl-8JjficOta[BBI«S:S-r. B 1 
ffi (»K4£«»£»R2(Bffi»2 2<fca>|«a)S&Sia) 

«n) , 4 8»nx«si (»R2©a»2 3<t»ai^4 
6£©iw<b«»i<0HH'i) **-r. a»a*<hn, sis vo 

4 0B»»»^»R2coa»sT (a»rt) <&x*^- 

aSfcSr^?. 

coo44] a»»5fe«, 2 (Dmm 2 3 <z>T»ci:na 

BTSW-Sljft4 6'C«-S|-r*. ft»lj&4 6tt. IW4I: 
^LT, »»»S64 7 3&t»a2©H9»2 2 t^P#U/tt 

t*tc, »a»«4 8€:ffl-8j-c€rsffl«^-r«>. ^a4<h 
tt^4 6 <fcro*i*rw>a:ffiBH«j«fi:L^:^^, mm 

2*«lHie«l6<ZDH0€:Isieb"Cl^^t^&, Ida 2 £ 

-e-LT, ffl-8L«4 6T«, ft» 2 3 20 

«5fe©fifPBlW*{fc;j&*S&tl-5. ffi, B14Tte* 
Bfl«l£, »»2(CH^UfeJ»S*©^|filJCH#lftAT ■ 
0.1 4*, a»«5fe^fi^i<S:C^Bp-6a»a5te<0 

m»2 2(C>t-r§»a»fl64 7(Z)S»M^:ffl 
ifiltcJ^T, !ft»2K:fi<Z)ASWlj&i58£U x*;M?- 

a^itan-rs^t^-r. 01 4*cj;ntf, *$tw 

tt, tt*S!fCj*«l,T, ft<0A»ftK«fc5X*;i^-a 

x*;^-a5fc£«4>U cnic^O. a^a^^{£^ 

[0045] ^nsficD^fiitc^n^, «£*tttBo)«ia© 
cttctt:^, fl<0A»fttc«tsx^;^— a*©*tlnjco 
*W(cfi<ox»fttCcfc^x*;u^-a5fe<z)*tfinS:*P«lT 

ft«)A»ft«c«fc*x^wf-a*<z)«i»i 

[0 0 4 6] Hi6tc. *ftw<v?-xmmmmM<Difi 
m&mv>mm<D£)m (dy/dx) ©sfts^-r. hi 

^to B 1 6 *C0ft« 5 0 H 17 ( a ) «, 

5 l&tflai 7 (b) tt. ^IIIBC«ME^f 50 



»B8¥l 1 - 2 0 0 8 0 2 

72 

-TZmtrZ^To ffi, B 1 6 ^©xifiti, H9*£>xiKi 
[0 0 4 7] jSCOSjE (dy/dx) CKi, BBrT* 

^a2^^^$n^K2S©^^^$flK$n^7 h c*6, 

j&C"CG>$JE (dy/dx) C£-££:-t£o SS 
i£<7)cfc?t;:, jSLBtDZJtii (dy/dx) Btt, £8 «fc 0 

(dy/dx) j&t-«fW(c*^<^:Sffl5»A^U* 0 HP 
4, B 1 6 tC^Tct^lC, I1$EBC^««§E$W 
£fcnft«5 OTti, SSMSSBC(E>£JE (dy/d 
x) ©a^cfflj&tjSfcc^E (dy/dx) CT&*<0K 

*ru aasiSBc^msE^tsiftss ni, a 

ffi«ffiBC±©aEftjftE©£jK(d y/d x)EjO«, j&C 
CD£JE (dy/dx) C£0 fc*£<fr0," 1 + 

H 1 7tc^-Tcfc^tC, aiygt® 
BC^fB^EWr-SS^tt, fteEOjfiiT^iS 
(dy/dx) Ea**€T MMffliJoS^KS 
114 3 d<Dfctf0tfJ<:Z<te0, aSJE*43lE^^<^: 
-5. COD^ptC, SgftjftE(Oifi«-CiSS^ia]^iBA«**< 
J: 0, Rl!SffiBCa>«#JljWft<fc0, X 

«-r 2 ©x*;u=F-a*a«iim-r*. 

UU:<0 IbSI2GDmr 
»2 2fcifi#©»fflJg*d:b"E\ i»DC^i$^» 
DBO«(02fiH±tl, *^jaB-e©ftsp¥g$H9 
»2 2(Offi*^g«tO*€r<-rsci«!:tCjDA, R£!*ffi. 

Bcsxffl^E&^rs^^^t-rsctJcto, nx 

K*3^T, ft»2 0atr»2 2<7)«ifi"r?«lf»dtff<Jtc 

a»a*£fl£«-rseitd<-c€r5. 

[0 0 4 8] ±«ES6Jfi0^1B"Ctt, Z^TcRSItLTSB 
^fc**, «»DC<Ofi$*«l8»DB(OS$©2«K± < !: 
U ^^BTO)ft^^^mr^ft^^gJ;0^^< 

dig ffi LTfeM^MSfT6 0 
[0 0 4 9] 

*«wi:J:ntf, iimi±t, used 

-^(D||li*i^T30^WIBaf*©8BA^SiE<kbfcra€r 

EttSEffie^^yffia^S/ht&S^Sr^B, mf^SPifi 
«d««bi^S#X. S9E^BtflllEB3£ffi«*«)xffi 
iBj4:DC©fi$3&*«»DB©fi$<Z)2fSa±"C, ^. 

/aBa)ifi«ic^«snsn3a*waswrffi©«i*B©ffisp 
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(8) 



1 1 - 2 0 0 8 0 2 



13 

[@2] *a!w<7)^--#««ffl»a©ttflc<z)«»fffl«)a 

[134] »R,k»»<t©WO-l»WJa:affl = ft^€:*-r 

Ho 

[13 5] t£*aro^-*««ffliBiatc43^SA»ft i ^ 
£^TI3« 

[13 7] «£*l!<7)^-^««ffl»R(c*3^*fia>Ai*ft 
i ^WT^xi:#comr^jfi^(D^S:i3o 
[13 8] ffi*S!©^-*««ffl«iaiC*3tt*fl©A»ft 
i £WT*£€r©«*7C»EEp/P 0 <fc(**|6lfi$<i:(0 

[13 9] *as^©^-*««^»R©»a!w«a:ia. 

[13 1 0] **WW^-#««ffl»»«)Ra<OH9»<Oifi 
[13 1 1] **K<73^-*««ffl»R(C*ifrtSfla)A» 



74 



[HI 2] **^0^-lf>««ffi«iatC*5tt*fli£Aft 

[Hi 3] *^w<n$-¥>mmmwimz&rtz>£]m 

(DC/DB) d:Alfft7-y><!:OiS^m 

[i3i 4] *»w<z>^-tf>«*fflftajc*5frt*as¥a 
[i3i 5] ma. »aRtXRK«*offl-a*©ffiBH« 

£^-fH« 

[13 1 6] *»^©^-*«B«^ftB<ofltr»jft«^Sffi 
70 CD^JSB (dy/dx) <2^fl:£i*fl3o 

[Hi 7] *K^<z>^-3p««ffi»a<ofl9»jfi«o«a: 

E3o 

2-»a. 3— >a7^K, 4-»a. 5- 
D-$>, 6-lsH£«K 7"-y-r-V7^A^tS, 8-^-f 

9—**, 10-HffiI, 1 l-Ri 
ffi, 19»'SAm 2 0-RS, 2 22 
-iKr», 2 3-at. 2 4-ffirftR, 2 4a-fl9»H 
2 2 2 7-H, 2 8 -a 

20 sen. 2 9-sa»»«, 3o-a»»8, 3 l-^ft 

«L 4 2 a-»»a±SK«, 4 2c-BI««». 4 2 d 
-»ffi«««Wfffi«. 4 2 dmin -»ffiffl««Wffi«/h 
jSu 4 3-IBiii, 4 3a-«±«, 4 3c- 
ISiSf, 4 3 d-8Pff 4 3 c <OKffi«»Mff»rffi«U 
4 3 dmin -JMffifllflrffWffiS/]^ 4 5 -ftCO A&fft 

o«/mb, 4 6 -assaffe&w-iij-rsw-s]^, 4 7 »•# 

a%tfL 4 8-»aa«D, ain-APft> aout -fflP 
ft, j3in-»Aft* i -A»ft, WLE-WX7'/ 
iO ft, H_ain-A§*ftV— 



[HI] 
Bl 1 




[H2] 
[2] 2 
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